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and Dilation
Inﬂuence on Coronary
Supply–Demand BalanceWe read with great interest the article by Redheuil
et al. (1), which reported that proximal aortic disten-
sibility was an independent predictor of all-cause
mortality and incidence of further cardiovascular
events. Concerning congenital heart diseases, there
are lots of reports about the decreased distensibility of
native and post-operative aortas. We previously re-
ported the decreased ascending aortic distensibility in
patients with transposition of the great arteries after
arterial switch procedure (2). The decreased aortic
distensibility increases the afterload of the left
ventricle and is a disadvantage for coronary circulation
(3). Therefore, we also examined the subendocardial
viability ratio in those patients (4). The subendocardial
viability ratio is the ratio of the aortic diastolic pressure
time integral and the aortic systolic pressure time in-
tegral (tension time index), that is, a measure of he-
modynamic capacity for supply divided by myocardial
oxygen demand. In that study, the tension time index,
which indicates the myocardial oxygen demand, was
higher than that in the control subjects, although the
subendocardial viability ratio was the same. This
pattern of the aortic pressure waveform, an elevated
tension time index without a decrease of the sub-
endocardial viability ratio, is similar to that in elderly
people, although the patients in our study were
elementary school–aged children.
Because preserving the coronary supply–demand
balance is essential to sustain life, the subendocardial
viability ratio should be maintained constant even
in conditions with decreased aortic distensibility.
Because the decreased aortic distensibility increases
left ventricular workload, it is necessary to increase
“supply,” although the stiff aorta is a disadvantage
for coronary circulation (3). In our opinion, 1 of the
solutions to the problem is aortic dilation. Althoughthe aortic distensibility is decreased, an expanded
aorta may be able to store enough blood during sys-
tole, which resembles the compensation of a failing
heart; that is, although the left ventricular ejection
fraction is decreased, the increased left ventricular
end-diastolic volume can maintain sufﬁcient cardiac
output. Actually, our patients demonstrated aortic
dilation (2) (so-called “aortopathy” in congenital
heart diseases [5]). In addition, it is well known that
the aortas in elderly people are not only stiff, but also
dilated (3).
We would like to know whether the aortic diameter
was related to its distensibility in Redheuil et al.’s
study (1). Moreover, we are interested in the sub-
endocardial viability ratio and the tension time index
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Inﬂuence on Coronary Supply–Demand BalanceWe wish to thank Drs. Murakami and Niwa for their
interest in our work and their very insightful com-
ments. Concerning congenital heart disease, in
particular arterial switch for transposition of the great
arteries correction, we agree that altered myocardial
oxygen supply is multifactorial and that the proximal
aorta may play a role in several ways. First, the
evolution and aging of the neoaorta-associating dila-
tion, elongation, and rotation processes may lead to
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(1). Second, accelerated stiffening of the proximal
neoaorta as suggested by the authors may increase left
ventricular (LV) afterload and, in the long term, pro-
mote LV hypertrophy and alter LV function. However,
the authors reported decreased aortic distensibility
and increased diameter, but no change in indirect
measures of myocardial perfusion based on indices of
aortic pressure, in particular the subendocardial
viability ratio (2) in these young patients (6.5  1.1
years). Interestingly, the authors underline the po-
tential beneﬁt of aortic dilation to compensate for
decreased compliance and normalize myocardial
blood supply. We agree with Murakami et al. that this
mechanism is probably at play within a certain degree
of physiological aging and within a certain range of
dilation in disease but cannot be generalized as bene-
ﬁcial in the extremes, because many complications are
related to signiﬁcant dilation of the proximal aorta.
Nevertheless, as shown by the IRAD registry (Interna-
tional Registry for Aortic Dissection), many complica-
tions, including acute dissection, occur below the
diameter threshold indicating prophylactic surgery.
Risk stratiﬁcation for acute aortic syndrome remains,
therefore, currently insufﬁcient. It is of great im-
portance, as pointed out by Drs. Murakami and Niwa,
to understand the relationships between aortic ge-
ometry and ﬂow, as well as the coupling with the pe-
riphery downstream and LV upstream. The efﬁciency
of the circulatory system in the young rests on a highly
compliant proximal aorta of normal size and harmo-
nious proportions. The systolic load buffering function
of the aorta plays here a crucial role in regularizing and
redistributing ﬂow to the coronaries and other arteries
during diastolic recoil. However, as we showed previ-
ously using magnetic resonance imaging (MRI), this
dynamic function of the aorta is severely altered as
early as mid-life in a general population sample (3).
These functional changes in the ascending aorta are
also associated and seem to precede aortic geometry
alterations such as dilation, elongation, and increased
tortuosity related to vascular aging (4). In turn,
augmented static aortic volume and decreased wall
distensibility are strong determinants of aortic ﬂow
patterns. We recently showed using quantitative MRI
indices of proximal aorta that backward ﬂow magni-
tude and its early onset time seen with aging were
strongly related to ascending aortic diameter and arch
morphology (5). Although aortic dilation may be
considered a compensatory mechanism to a certain
extent, it cannot necessarily be extrapolated to certain
disease states. Indeed, the underlying mechanism for
dilation in physiological aging rests mainly on elastin
ﬁbers fragmentation and on increase in the collagen-to-elastin content, whereas in inherited or acquired
aortopathy, intrinsic anomaly of wall components
predominates.
Increased aortic cross section and diameter were
shown with increasing age and other risk factors in the
MESA (Multi Ethnic Study of Atherosclerosis) study.
We recently showed proximal aorta distensibility
measured at baseline with MRI to be a predictor of
mortality and hard cardiovascular events in the MESA
cohort. In this study, distensibility was a better pre-
dictor of outcome than diameter alone while being
intrinsically related, because distensibility is deﬁned
as aortic strain divided by pulse pressure. As expected,
the relationship of distensibility was stronger with
strain than with pulse pressure (respectively,
Spearman s ¼ 0.84, s ¼ 0.51, p < 0.0001). When
broken down into constituent variables, relationships
of distensibility were average diameter s ¼ 0.33,
minimal cross section s¼0.37,maximal cross section
s ¼ 0.27, systolic blood pressure s ¼ 0.51, diastolic
blood pressure s ¼ 0.14, all p < 0.0001). The sub-
endocardial viability index was not available in the
MESA study during MRI. However, in our prior
study using tonometry, this index remained con-
stant across groups of young to middle-aged in-
dividuals and decreased signiﬁcantly only after 70
years of age. Although consistent with data from
Murakami et al., it must be noted that these results
were obtained in apparently healthy human adults,
and whether this remains true during the later adult
follow-up of their congenital disease patients re-
mains to be studied.*Alban Redheuil, MD, PhD
Nadjia Kachenoura, PhD
João A.C. Lima, MD, MBA
*Cardiovascular Imaging Department
Cardiology Institute
La Pitié Salpêtrière (APHP) and Sorbonne Universités
UPMC Univ Paris 06
INSERM CNRS
Laboratoire d’imagerie biomédicale
ICAN imaging Core Lab
52 boulevard Vincent Auriol
75013 Paris
France
E-mail: alban.redheuil@psl.aphp.fr
http://dx.doi.org/10.1016/j.jacc.2015.03.537
Please note: All authors have reported that they have no relationships relevant
to the contents of this paper to disclose.
REF ER ENCES
1. Ou P, Khraiche D, Celermajer DS, et al. Mechanisms of coronary complica-
tions after the arterial switch for transposition of the great arteries. J Thorac
Cardiovasc Surg 2013;145:1263–9.
Letters J A C C V O L . 6 5 , N O . 2 0 , 2 0 1 5
M A Y 2 6 , 2 0 1 5 : 2 2 5 7 – 6 4
22642. Murakami T, Takei K, Ueno M, Takeda A, Yakuwa S, Nakazawa M. Aortic
reservoir function after arterial switch operation in elementary school-aged
children. Circ J 2008;72:1291–5.
3. Redheuil A, Yu W-C, Wu CO, et al. Reduced ascending aortic strain and
distensibility: earliest manifestations of vascular aging in humans. Hyperten-
sion 2010;55:319–26.4. Redheuil A, Yu W-C, Mousseaux E, et al. Age-related changes in aortic arch
geometry: relationship with proximal aortic function and left ventricular mass
and remodeling. J Am Coll Cardiol 2011;58:1262–70.
5. Bensalah M, Bollache E, Kachenoura N, et al. Geometry is a major deter-
minant of ﬂow reversal in proximal aorta. Am J Physiol Heart Circ Physiol
2014;306:H1408–16.
